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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a ferromagnetic non- 
volatile storage element being superior in stability of information 
reproduction operation. 

SOLUTION: This device has a variable resistor r12 which has a hard 
layer and a soft layer and in which information of one bit is stored in 
accordance with the direction of magnetization of a hard layer, a bit 
line BL1 to which one end of the variable resistor r12 is connected 
and the prescribed current is supplied, a sense amplifier SA1 
comparing a first potential generated at the bit line BL1 when the 
soft layer is magnetized in the first direction of magnetization with a 
second potential generated at the bit line BL1 when the soft layer is 
magnetized in the second direction of magnetization being the 
reverse direction to the first direction of magnetization, and a noise 
eliminating means comprising transistors (Ta1, Tb1, Tb1') eliminating 
a noise generated in the bit line BL1 by floating electrically the bit 
line when magnetization is reversed from the first direction of 
magnetization of the soft layer to the second direction of 
magnetization. 
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(57) imm 

[■HI **W^tbff oj?*ttic«*tfc3t«tt#5p»« 

« r 1 2 & , bT«««:# r 1 2 $ ixfcBfs: 

f 1 COW^fS] tcM ^ tlfci^ (7) t> h^B L 1 \z*k 
CSIi^ti:, ±IB*loia{t:*lPj^W:K*K7>rSj* 

5 1 2 (CM ^ iafcl^ ^) h^BL 

i \^±czm 2 <DM& t Z± 1/ *T S A 1 

ilE y 7 M of l (DM^ [r3 1 2 ^li^fp) 

v H*«r«ft«Jc#iB*-err try h»B L l 
<YXS:S**t5, h 9 (Tal, Tbl, Tb 

1' ) ^r^try ^X»*#S^S:ttS. 



(5i)intci. 7 tasijsa^ 

G11C 11/15 
11/14 

H0 1L 27/105 
43/08 




X 

[4#mii**>ttH] 

rj: vi%&x<n/b£\,^2<D%m&#m*:mLr. mum 
mum 2 <D&m&#m&m 1 <^a«*|pi«caffc* 

fl&E» 1 0«fl2*|pJ <b Oft #T^5g 

2 o«ft;*rBiKi*ftsixfc»-&(DiwriBif ^ h^tc^cs 

ffiESS 2 «0 3£fifcte#JR<DjS 1 G>*ft;a-|pJJ&» bf 2 G>«ft: 

ffrEtf$> hicics; ^x^t^y -rxi»*#* 

[ISM 2] t»By-<X|***«tt, flME*2tf>3i« 
Sfcte^offio^bco^iBoiSic, ME try h£S 

3MM 1 «wE«o»«tt#5F»«ttE«t*^o 
[MM 3 ] SfJE^-Y yfffttt:, 

S9lSfc^ bm<Di&X<Ol&U£1fiU-t^*T>'-7<D2'0<D 

£ -T 5 MM 2 (CfE^(D?i^tt»^@^ttl5l^^ 

[MM4] fflfEy^x^gii, — «*>*-?-a*M 
Etf s> HSK©BfSo««lc*ttSix, te^otfHF-asSMft 

1 tcE«(OSt«tt*^F**ttE«*^o 
[MM 5] fflEy -f X|**#«HU WEify hjftco 

fKJrfSMM 1 fcE*to»*te{*^»«teE**^. 

[MM6] ioO^»*^Yyf*^*tL, sS^ 
»#*>f *-¥-4r(KrE«*»R*-T-i:^b 1 ho 

t-t 5M M l fcE«o»«tett*»«teE«»^. 
[MM 7] BJlB**#^>r KW>« 

^^WEaftStt**^— *«D«-¥-ic*«t$n, y— * 

[MM 8] ME*8KM^ y^STf-tf, SiGe£ 
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[MM 9] 1fflE¥*tt*-f yf*f«Sti5i 
S^SOI S«T-fc5r ££»*£i-SMM6KE* 

[mm 1 0 ] mia^gasf^s i, i2 (7>^a 

fcfy h«o-ffl^ME*l^3fiBStt#JR^iB:±lctt:«L 
lWE»2<0»«tt#JH^5S«^ii5»^^«SrS feU: 

E* 1 co M8tt#0l^ § A tt » o rgf 5£ o * ft (c 

U:E*03S*tttt***ttE«*^. 
[MMl 1] WE if? hjft*3 

tfcW^tfillWi ofcEfc^Mtett^FIWSttE 

[mm 1 2 ] i»Ei*aa*^^ h >*A-«ft«a: 

«oaMStett*JI»ttE«*^. 

[MMl 3] WEh^HftSaXfSrSfttS 
JSX, #2 0&«tefleflW*ix«u lOi^^fS)^ 
LT*5p*rplJcWbSixSCA:*4»«^-t-6MMi 2 
tcEttoMHKttft^ar^sttEi**^. 

[MM 14] fljE h ^*^«*a*t*^-*r«lri£-#-S 

*|fillc«ft * ii5 i i 1 l 2tc|5^co 

[MM 15] SS 1 o3i»tt#«4: , MJS 1 

«*3ft«E1»*ix6aft»tt:*^, BrS«>«*a&s«*S 
*u-5tfs> h«lc««Snr*S3ft«tt<*:^li»ttE«* 

«ttflc«3ft«J»EflS 1 <nmt-3}fo t &%Ltt<Dfa$ x-&z>m 
2<D«fb*|Sj^«ftSix*:»-&«>ffiElf y hilciCS 
m2(DH;te:^^itSbT, mjfS^^IS^i^^iclES^n 

SirE* 2 osi«tt#fliojK 1 ^«ft*i6i3&» h%2 <Dm<t 

5» [MM 16] %\ to&m&ft9kh . ttSS l 



3 

Jg2 0Stt££ri£«LT, WIB**«a*^fclBt^*u 
fclfa^R^fciii-:*^ s/^k, 

ffilBJB 2 <DSft«ttfW!loJB i <a«fls#|p)j&> bl 2 <o$Kb 

1 8 ] ftff55t^tt^S^ttlB«^^{C*5ij' 
S1»«<o*#a^j:VR^auo«»«rtr 3MHPEJK 

[0 0 0 1 ] 

{cH-fSo *<D& pfelBttit***: 

[0 0 0 2 ] 

ttfc»ott>5. :oj:5WItt*ll 

t co * ^ iaoT m^s^t a* 3E ft-*- * , ^ t> s 

Ltlj:, iL7\:E££\Jg:£i (GMR ; Giant Magneto-Res istanc 
e) W£f , ^^^C^S^SSl (CMR ; Colossal Magneto-Res 
istance) ^"fntAJB, 

-^/^SCSfitsS" 1 ?- (Tunnel Magneto-Resistance ; TMR) 
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^E- y (MRAM ; Magnetic Random Access Memory) 

[0 0 0 3 ] &15:ffl&&mibhtlT\,^Z>MR AMW^< 

^(c X ott C 5«*«tt*<Ojeft«:«ffi(caB* UTR 
70 *ffl-*-#**r«oTt^5„ — ^ IT, H8IC1T1 

•To 

[0 0 0 4 ] rrJjfa 

|pj tw 17 - K j»W L *5 £ t^ffi^CO^ # hh^m L d^ffitt $ *l 
tt^o try hlllBL 4: 57— K«WLO**«ICtt, 1 

-®H7y^^TR2, T R 3 CO— *-(7>iSmc*ifi 

^TMRlfR^-SCii^tl^o TMR$fR 
[0005] 1 9 CD ( a ) *5 £ U< (b) It , ±15^^ 

KJB 116 i:«I*0/hSfty7 hi! 1 1 7 
iCior h V-*7Hft»« 1 1 8 fcR^tfflliSfcfeoT 
KS 1 1 6 co^fbcofS]#(CJ^CT roj 

«: r i j <z>«*a*re«£jft,£>o ::r-ii a-KIii 
[oooe] ia««*«rw&"r«»*tt, y7hgn 

7 co^fb^^- Kg i i 6 co^<b k W^iRi^iSJ*-!*)*^ 
CJ^CTt^ hi^B L(c*5«tS«ffi3ft«»ft-5a**:*J« 
r, TMRtfR077 hgl 1 7$rMfCt5o 

Hi 9 (a) (c^-TJ: 5*WftO*m*5S^Mc* 

5(7 ^^TR2^t^l (h7>^^TR3IW7ft 



5 

m) t it, t^aaftftnicasitsify hiBL^t 

y7hlll7jsj:t)«/^KI116 
o^k(D^r6)tt, Hi 9 (b) tc^-TJ; 5Kncifi)#fc: 

^^TR2lit7«i) £LT, <D#lfi 1:1*5 tf£ \f 

M5 6 t^7^SAii, ffl*^tc«»£*i,*:«(fl: 
«rH;8+5:i:t, ^ — K l l 6 JB<D«{t^fi)* (cjS C 

[0 0 0 7 ] *5ST-tt . _hi$ Lfn J: 5 feSMBtttt^FIWB 
ttEttHK^Sr^yT/ffcLT, ^SM'tt^M^^g («# 

So 

[0 0 0 8 ] 

RS^B^^^sfi^tt^s^ttiats^r-tt, E«« 

[0 0 0 9 ] Ikfz, *afi-CWt, S£at£#f5t£3f^£i£S 

£#1*^*1/0^.5 a*, ±lSOJ: 5*PBJS**fe, dra 

M^t^t^^^w^ y t£#££:^-f 6 toiirn 

CO ^oTl^Co 

[ooio] g w«t, ±.m&M<Dmm&m&: 

[0011] *«9!tf>teG>B«W\ *©± 5ft5t«tt# 
««*aaK««r««-r * - £ l-*> So 

[0012] 

[HM^»^:-r^fci60#^] _LEB 
036flM4f*JRSr*TU (WE*loSS«tt{«BtO«fcOfi 

oftffii:, mEJIl2O»*tti»:|B*smiaj|ll<0»ft*m 
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T^t. WE*2 0»«ttfl:JB!o«ioaft*fl]36^e> 

KCOlRomE^jx hi»t££CS/-<XS:Bfc*-f 5/>r 

[0013] i:E*>4§-g\ ttjfey XBft**«tt, sue 
« 2att«ttttJR<z>ft i o«ffc*iS]a»fc5iS2 ©«ft*rsi 

[0014] ffiE^'f vi-^gtn. (WE try h* 

[0 0 15] £<bic, WEy^XRifStt, 

[0 0 16] Sfefc, (WE/-fX|»*^«Wt, (WE try 

[0017] **w<o#«w**«fewc, « i o3ii«tt# 

at. **ioM«tt*«J:5««*^/h*if^JS2 0Jl 
«te(MJi 5, lWE*i co?t^tt*m^^{b^fS] 

£lci£DT l t*y htOflMRi&SEltSJxSafcStt*^ 
BrS^«»J&*flM&S*t3 t*5> h««c»«SixTft5 

»att*^»*ttE«*^^*«wfe*»^*5^r. m 
Eg 2 (z>3t*tt#fli36«jBi (om^^cm^nti^ 

cofttjEt'y h*|tc£C£3ll Oltti:, HufSSfl 2 o$£a 

ttfrJR^SUE* 1 (DWiitjTfa t &frtt<Dft$X'jbZ>m 2 

oaik^isiKiwksnfcw-frofflfE^y hm^tkczm 

2<D^&t £fcfcg*LT, (WEa^Sffi^KESSix*: 
l o8ft*fl3&>b* 2 o«ft*iRi^Ift©g6, itz 

te^<D&<Dmt<r>BL^<Dmz.. iwEtry h»&*«#jic 

40 [0 0 18] *«W«>*«W**«fett, 

2«>3ftattffBI^S:*-rs, mi 

{bO^^tc^lST l fc'y hoflia^E!S*ixSiK»S*t 

ftS!t«ttfle^li»ttEti*-?-w*«W**ttfca3lf^ 

t, mE*2o^«tt»«3^*i^«ft*rpi^aftSJx 

©3»«tt#«!^lWE* l o«ft*rS|i:ttR»«>lR)#-Cfc 

5m2<7)a{i:^fS](ca{i:^nfc^^cottjiEfc:'y h^tc± 
5^ i:6i2ott^^itiLr, gtjEa^setiS^-icE« 
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[ooi9] *3§esco;><^y ^s/^te, ±aco^-fn^ 

[0 0 2 0 ] **Wo**S«*R«3aS«rt:, ±3$co^ 

[0021] Jiiaoiristxo^WJctntf, f§2<7>^ 
KM^S l co^kSrrSi*^* 2 ft^affc 

[0022] 3^, i2 (Dym&wm^ i o 

[0 0 2 3 ] *S593*> 12 OM^ffiOfl CO 

coigo^co^coiguc, t^hSlrMo-fv^y 
(fctfU -hifrfc/hS^) TMSifi^-tirSfc^fcijs^ 
Ttt, h^td^CTt/^Xf^^vV k«~B*-*--5 

[0 0 2 4 ] *|§ejco 5*b. tfy H»^Bffio«» (A 

7^^Uti^, D / JB2 03iattfl:JB!0 

1 1 (7)M^^]^bI 2 ^M*f^^(7)lfbco^6, * 

*5|»*SJi5. 
[ 0 0 2 5 ] 

[0 0 2 6 ] Bitt, *J8M^— 3Sas»*^!i«tt#^F 
T*>*. iiitStSi:, *»*co3fiai4#^»*l4 

ISft*-T-l4, fi&folzM&tDVy hi^B Ll-BL3^ 
3&CO?- K«WL 1 -WL 3*5iT/a»(?D»#^^»L 
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h y ^*e?u) o i ic**LfcM-ewc, ^ h y **ie?u 

b7>&X&[ZlZ rill, T12, Tl 
3, T21, T 2 2 , T23, T31, T32, T3 

3 j <D&-*&tt£tix&v* «rac«tt«jcrt:, 

Trll. r 1 2 , r 1 3 , r 2 1 , r 2 2 , r 2 3 , 
r 3 1, r 3 2, r 33j CD$?#2S# £ tit 
[ 0 0 2 7 ] Ify h *S B L 1 CO— iSMIS fc* $/ h&^com 
ffi^SrWJW-rSTt^o V=7^iy^^T a l sftSRtt fctt 
, h7^^^Tb 1, Tbl' CO— ^co 

h7^^Tbl, T 
bl' Oflil^Oig^^^rn^nir l/XT^^S A 1 <7> 

{C, f y hiB L 2 tt, h 7^^^T a 2 

tffeiX, lWh7>^^Tb2, Tb2' SrfrLT 
ir^TV^S A2K«tt£i-U t> hHBL3li, - 

^Tb3. Tb3' $:frirty^7>7 P SA3«I 

{c7- Ki^iiliR&j^m^cofa^ <D%)W<oitft<D h-7> 

[0 0 2 8 ] i?y^7y7 P S A 1 ~ S A 3 Ij:, a >v< U- 

(J*««) £ LTtfrfM"* , r+iH-r-j 

-T£ 0 Cico-tr v^r ^^Jcastf *«ffiittt»^"t?Wt, 
coi:^(c/N^ffi^ (-T*^*>, Vdd) , 

CO^^rfCn [7^^ 0 V) ^^t5o * 

[0029] iiscofdi, m i tctt^snt^fc^*^ w 
^#^®jfFP#co^<b^^co(^(c, h7^^ ( r Ta 

1, Tbl, Tbl' J , TTa2,Tb2,Tb 

2' J , fTa3, Tb3, Tb3' j ) ^MULTt* 

^ (BL1-BL3) ^m^^J^^^^ii-, 

X 5 fc> hUUcii:*/ -<X^***|»*-r5W]»«4r 

[0030] ir/uco^/S:i^(^ 1st-*? -So ::t 

tt, ii i <D&mxmAjtz* * y -t^ (tk^ [i, 

2] ) CO^T, ^co^^:^^*^{ct^0^-t5o cco^ 
*r y -fe/utt, i {©co^;#£b^:M h 7 t l 2 £ i 

fflOTSIffiffifcttf r l2i^bft5lTl R^itcOir/i/T 

*>^o h7>^^Ti2ii hd^ — 

^ISE»a*r l 2 0— ««C*«*iXTl^S 0 PTSEtttt* 
r 1 2(7)ffi««:t r 5' M*BLU«tt$nr^5 6 Z<D 
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[0031] i ±tc ffl*ocoi«*ffl^ y =■ >- 

IKK 4 _h ic arit#a> h ft * h «« 5 * nr ^ 

<Dm%L (y— y> 2 t F>^>3^ri) <r>*\ y r^s^r 

[ 0 0 3 2 ] »Jfel*8±lctt, K»*«8tc?&5J: 

»#5&^ffi*il9 (Hi 0>*£^i»L 2 jftS 

§LT£>I9 S ^OD-^/Heii0J:(:^IfiSil2 
(il^gSUr 1 2(Ctl^i-^>o ) tfJgfifcSJxT 

[0 0 3 3 ] "FMSttSl 2 13, h»l 3 

(HOtVhSBLl CfflltS, ) (C«LT:&9 , 

*S"5HE«a* TfcoT, G 

MR^CMRfi-^J: 5ft*#ftraS5«tt3&**:t>o3£ 

[0 0 3 4 ] £AT, TMR^lco^^TlSj^{:E^t 
So 13(1 St«tt*K3a«*5P*lRl^«ft$ix5TMR 

m+ZTF-trnx', (a) wtaa:*o»-froaftorsj#*: 
^-r«*H, (b) tt«a/MD»-&(oa-ftoisi#*:^-t- 

[0 0 3 5 ] lOTMRi^, h^ftill8^ 

*3i«ttJI) ^7hll 
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, ^— KSi6^y7Hi 7ia, *flsSix-*>i-i^ 

T^£ e ^WTMR^l^tlj:, /n— KJB 1 6 t y 7 hS 

i 7o«fk*isiicj:oT*a«**«tLfci»o»tt:«tis 

mft5o Aflcttfctt, 13 (a) (c^tJ:^c, /n-K 
Bi6^y7hin <D*fls*isi3ass»rpi# 

TMR*^OS*tiW:*#<ft!?, 113 (b) iZ^-TX 
[0 0 3 6 ] TMR^^(D5llttMW^(^ 

^SiSl^^^'r^r £ hX-t 5 0 04 H SftttttttJBtft* 
Sat*(pJJC«ftSix5TMR*^-*ri^-t-H'C, (a) 13 

«a*o»*<D*ft<orfii#*^'r«a:H, (b) 

h^/*gl8' 3:G d^T b fcif3&>fc* 
5^ — Kg 1 6 ' , y7h|l7' X*t^/ut£h<OX'h 

t? . ^— Kg i 6' bvyvm\T te> $Hb£ix^ir 
^ ^ri/^o :otmriK'I1 a- KI i 6 ' tyy 

g}4 (a) (c^-r j: 5 (c, 

tf>3§-£H TMR*fO«SgStltt*#<49, 04 
(b) {C^-T^plC, a-K|16' iy7hll7' 

ffltt/h* < ft£o 
[0 0 3 7 ] ±i$OJ: 5 ftTMR*^Srfflt^Tflt««:ia 

ttrt-s»g\ antra, y7hiu (i7' ) co^r 

e!>^ittftoHK*sfTtoixS»*i, ^— KB l 6 (l 
[0 0 3 8 ] *«*OSt«tt#^FIMBttE«*-^ 

[0039] ( i ) nmnss. m&m u 

2] ^tias^^yt^) o«*srK^uj-r»-&^ 

[0 0 4 0] 05 ~0 8 fi, 01 lC*-Til*tt{t:5F*« 
ttEftf^07K^ [1, 2] otegic&sy^y-tr 

«a«r 1 2ttffl»©I3St«:04lC/TLtTMR* 

K-fcot, (16' ) d^a^^f^<7D^rS] 
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KI 1 6 (16' ) (Z>flfrffceDr&]£}&*, wtif, 1 

Mir-tt, V7hii7 (17' ) om^^- KB 

16 (16' ) <Dmktm*ftt>*j£J3ftMz.£<z>XTM 
[0 0 4 1 ] , |5(07tJ: »ii^j»L 2 

(H2co«#^^iBj»9) i *r«u »tse 

[0 0 4 21 B9O (a) , (b> 14, ^r*«tt#r 1 

09 (a) ic^^J: 5fc*»Hj&**£U :o 
IlHiaoT, y 7 hS 1 7 £>*fl£K<Bj&*££, 19 
(b) iZTjk-tX 5 l:y 7 hJS l 7 (DmtcDXfat^— K 
■ i 6oa<t<D*fiji:3ft«BU:*|pii:*S B y:7bJIi7 

[0 0 4 3] 110^) (a) , (b) «\ «TSS*t# r 

[o o 4 4 ] Jbia^ftm. ej/hiBLi ({H2otf 

i?/HMRffl£>Sfl.5&*3! h 7 V^Jfc^T 1 2 &J;U<i? V 

^r^SAi^-^^AMi 1 ( r-a^j ) ttucR 

tfivC^S h^Vv^^T b 1 Sr-tn-fix^-^^S. 

t\ -t.^xT^-fo—jsnm* ( r-«^j ) a*as*s 
ns (H6#hb) o 

[0 0 4 5 ] (H 2 <a»#& ^EJil 

9) B5lc*Lfc8aft©R©«a*«Jti itt 
a*>#fn]fc:*£&^««E i ' £r$SL (0 7#S) . y^ 

t5o £OBMIlR<E*>BL ^j/h»BLUC««R»lC 
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[0 0 4 6]ftC, t^htBLlCf^IE (1^ 

( r + «^-j ) «D«cRWnr^« h7>^^Tb2^ 

^rix^n^-^Jc-rSo ^ixicj; 9 , ^rSMStt* r 1 2 ic 
/<? (SfiSWiC) i 2**»jh,£££%lC. fc* s> h*S* 

BLIOittiaoT, ir ^^T^-^OM^co^^ 

( T + S^J ) 3&«*«*Jx6 (H8#RR) . 

[0 0 4 7 ] EJUbO»fN-«fcoT, t^/^SAl 
O r + «^j MIS, fT^Ogl3 (a) **:WcH4 (a) 

■?-J {C^ftl^co|i|3 (b) *fc»B4 (b) lC^Lfcfl£ 

*b , Vdd) iftSo 
[0 0 4 8 ] — *\ /n— Kg^, H 3 3Lti\$m4 K^L, 

("Tftfofe, ov) i^ipiat, ^-KJB 

Jtf [0 0 4 9 ] (2) tttRIBtt SfcfE 

Hi 4ttH i 3ic^-#-»#a^#o>*y -fe/KDafts 

teco^Sr^-t-H-C, (a) «:»#a*E«Uc«i««rBf 
fi^f^* jcit Lfc#o*<k<o*t**r*-t-**H, ( b ) 

^ (c) \* (b) o^tMcD^Stttl^Jb 

U*m 1 4 «r#HK IT, $£a2^B#coy y -t/uco^fb^: 
10 0 5 0] i«ot#Hitt, ii4(;^tj:3lv, 

t^FiBLl (H 2 <D \fy VWi 1 3) i:f^»L2 
(H2 0^#^^ia^9) (C^^i^^m^^^?^^^ 

5^? i 2tmtiz>k&£&fr&mH2ttm±-t&&, mi 4 
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(a) \C^-TX ^(Oi^iZiWiH 2 f£tfT-l$-zj 

(TMR^) 12©/N-K|16«ftJrfi 

So 

[0 0 5 1 ] iieof #^^l^H2^»^iiri^ 

tttt-ce-x hi^i 3l:f^i^^l i l tmtizt. « 

»*a^a»H2©P5«»3&«pr«iaa:»i st^Mo^ 
-5r£tcft5 0 :oj:?(:irf^MiHi, H2 

*t«l 2 0>^— KS 1 6 (1140 

(b) £>£U< (c) #HB) 0 

[0 0 5 2 ] JzfSO J: 5 t, S^&^ffiS 

Hi 4fc*-*-«ffcK<Btt, ffiH-b, KJBl6lcoi^ 
y:? hill 7(;o^t[i i 2 #j* 

[0053] ±Eo»#a^»f^-cw:, ?rse«a« (t 
mr^) i 2 3&*BrtK:#u*^icaft-#-ai^*rjwr« 

[0 0 5 4 ] It^iaoTtV hi»t 

[0 0 5 5 ] Hilt, *«S©ffi©|fft8j6-Cfc5, 

ff^iifllttEttt*^©— ««r^i-. inf, 

T*(^, t> h^BL 1 (7), h7y^^Tbl, Tb 
1' h 7^^^ T c 4:^L 

[0 0 5 6 ] Hi 21;, #38BWiO|SJ?1lr-*)5, 
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1t»-T-o-««r»"#-. Hi 2*. BU»tfc*rtiB 
iBLlO, h7>^^Tbl, Tbl' d*#iit«e 

^lti^, tr? h«t«*"*-<5«awaitKi j:sy >rx 

[0 0 5 7 ] efcic, *3tJS»«8^3i«ttfr^»*ttlS« 

[0 0 5 8 ] (XttM i ) *WCtt, Sitt#«i{b* 
IS) £ n <h tc j: 9 

*^ (TMRli 1 ) ^ffi^5t)©{:o^rKfits 0 T 
MR^^ltll II 3 (a) l£^LfcJ:5fc. 3S««: 

S16 ft y 7 hiwiaot, 

[0059] Hi 5 (a) — (g) ft, i2{:/7LfcS 

I§WiT^5 0 r <7>ff"Jt«tn«, *-f, Hi 5 
(a) t^-fii 5 t, *i»#iSUl:y-^2, F> 

OS (Metal-Oxide-Semiconductor) — FET (Field E 
ffect Transistor ; h 7 Vv 1 ^^) £*afrg 

>- 3 (D»^l;^ii?ii3V^ * h 7 , 6 

J<? tfT^^Srit^fr (Hi 5 (b) #bb) 0 TJfetc 
12, T i L» TKSrJSi^S. 
[0 0 6 0 ] &l^T-, IB^g<t IT, T i /A 1 S i C 

u/t i ««r«jaLfc«, mta<n7* h y vista t> 
s^/^-y^oi bra**** 8^/7 ymamft* 

J£j*U $ blcSBU6»JBi LtS^7 , 7X^cvD 
(Hi 5 (c) 0 

[0061] #c^r-, BEIRJIJ: it, t i /a isic 
u/Tiiii?«Lfc», 7t hyvisiaDffo 
^ — Atarax urs^^ffi* 9 «r?gfiS;L, SbtSH 

2lSr»«t, iffiSrsprnffc-rS (Hi 5 (d) # 
HR) o 

[0 0 6 2 ] ^^T\ TMR^^Ofiii LT^QW 

(H6 (e) #bb) 0 ft^T*, SST-l 1 £ft5Tife/I<>: 
LtAlCuI, ^g^H (TMRif) 12£LT 
NiFe/A10 x /CoaiR^U 7tM7 
5(7 XMlCj: ^^^(CllDILtf , ^XvCVDS 
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(C^^Si0 2 ^2 2 (W2<D&mmi 4) ^Mlt 

±.m*¥-tzfc-fz> (mi 5 (f ) #.bs) D 

[0 0 6 3] &^r% »a*«l**iafc tr^ hin^ 
45T i / A 1 S i C u/T i I^SLfcft, 7 * h 

Dftia Diriftiii us i o 2 ieMi, $h 
i:»ss^ Lx<D&mm (s i Nig) HeMu ^ 

^FSirtl^oT^^:/^ (Hi 5 (g) # 
[0 0 6 4] 11611 ^±<7>^®!X@(ci: K>m&<Dm 
So fy h»i 3 tm^^^m 9 k&mt£Z>Wft\Z-5J 

[0 0 6 5 ] i^JiCOJ: 5(-Lr^K^^fc5t^tt*^F® 

[0 0 6 6 ] htoifftta^EiSr^ 
^ftfCj: t? ^J=tJtb7t±, CMP (Chemical Mechanical 
Polishing) ftCJ: «9ig£>i£frr tlC£ QftMl,timU 
mtlstitZ, xi/^ hn-7^^i/-^ a yS^l«T 

[0 0 6 7 ] — Kid, IB^fcX^ ftm^Scom^M 

*o{&*H4#*ftfe^5r£#ft< ftD, ISte^SrS 
[0068] £bfc, y^y 

h 7>^J*^O^^A-3|5#tCS i G e &tizm Lfc 9 , 
StfcOfF&UcSO I (Silicon On Insulator) K^£rig 

X. S i G eft*/^ft5i#MS h 

S i «'HcMOS*aflsIK*:o< |?^tfr 3#c5g 
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tf, MOS h7^^^w*Sfcft;ottJf i:ft5StR4:* 
[ 0 0 6 9 ] (XikH2) ±«Lfc3M6m £B*fti* 

{cftoT*;'?, fc'y h*|c«4t5/>rXS:}il!iittt: 
[0070] ^jssww^ey *^(c*5ft5*»R^ttJ 

(Dtttm ir^j 1/5 r-*?o:to 

[0 0 7 1 ] J^_hf&0J Lfcct *«K605S?K^^F 
*»ttBt*f (1T1RIMRAM) Ht, tT^ M»{C 
4f5/^r Xfc»fM4fctt«*S-£3r 
LTW^fcti UftfESrfT? Zt&X£Z> 0 

[0 0 7 2 ] *»MO!tattfl:^FIi*ttia«*^ 
Srffi^Sritf, ^*yf^, *#5«Sfi«:t§, 
- y ^ /u 3 > tr a — ^ ^ ft ^ o * » s * * «i 3S « « ^ 

^ £>^T, ««SrailBrLTt>flMR36«*fonftlV i^fc>*3>5 
^OSRAM (Static Random Access Memory) 

zmm^x vs<y?r y^-r^ftif it, ^-^^ey 
ntf^y* r -x:/«wa*jfc*ft< ft t? , =*xh<vwm*s 

^yofttotH^ »4ffiKjk^*«tt^-arieft«:«aoE 

[0 0 7 3 ] J^T, **S^!tattfl:^Fii»ttlH«*^ 
[0074] (D^^-y^y^:[iIl5C0(a)~ 

(g) l^LfcMlSia 9*»#*«Jb*c3t«tt* 
^Fsssttfaaw^ (^y7K) e^ir^yt 

iy^^filto :W^yfi/^EEPROM (El 
40 ectrical Erasable and Programmable ROM) S^GDfESb 
!3&£ttaDL3tJb-t», (m-ft«*££ 

y— K«a>feft<5. ) CIiirt7 S s/ **y*r 

[0 0 7 5 ] l-f^iii, ilBO«|*tt#:5F 

S 1t4R <7> * # ^ * ^5 «t r/K ^ tb U (7) ffl m & ft 5 ffl m IS 
5^ (8 h O-^^ ^ n^nir 5/ ifft if Sr^tr) -^-tOffi 
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[0 0 7 6 ] ( 2 ) fttt&ttttAaS* : *J£^M'ff «R 

x., HBtBlilKs&s^tD^B^^Attlrt^^y MIMAS Jxfc 

— «*lt\ hi 7^a««iB«r«r-rs*«Fa*« 
[oo77] in {c *s^r , K*a«««kasec», 

^7A|:«ot»^t5«»»6it frlftSllR (tfi 

^^^^^^^6 3^, IEt£Sl56 4 £, tfE- 
Kft^OA^SBB 5 MfllflS6 1tt. aifsSB 

5o »Jft)ft5 6 Hi, A^SI5 6 5^bOA*^fS 

r-£>£ e noj:5fc»J»»6 lie**!**, #J«uc«fc 

[0 0 7 8 ] J£A_bco J: 5 ic, **«a«««kSiS*Wt, 
Tffl^r, DRAM*JB^fc»*£taf£R«OtttB*:IS 
[0 0 7 9 ] fc*5, ±IBO«ffira*«&3a2K«^*5^ 

[0 0 8 0 ] 

[0 0 8 1 ] :o5IW^S^ttKI^^ 

[mi] **w^-*is»tt^aiatt*^»»tt«Bflt* 
^F-o[n]g&BT-£>s e 

[in 2] a 1 iz&+&m&»*9&&KVtm j i-v>**v 
[in 3] aattffK^^^iPi^aftdixSTMR*^- 
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*XB. (b) r4Slft>J^»-fro*ftorti#«:i3%i-«* 
B"C&5<> 

[14] »«tt*K^Sitt*f^^Wk$ix*TMR*^- 
$:/Ttir-, (a) teS^*^4§^co^{fccDft££;^i- 
HI^B, (b) ttlga/ho»-fr<D«ftom# 

[15] Blte^»«tti*^}P*tt1B«»-T"Or Kix 

* [1, 2] 04£glcfc5;*^y -fe/KDK*HJLlfcfPS: 

r « -r £ fc (D m * hi r-fc £ o 

70 [HI 6] Blfc»i-ai«ttfl:3Fli»ttElt*-¥-or KU 

* [1, 2] ©ttlK^fcS^^E-y-fe/uoK^abib^*: 

[HI 7 ] HI 1 fc^-TSfilKttft^Fff *ttlB«*^^T K u 

* [1, 2] ofitatcfcs^^y -fe/n^tt^aiuftffs: 
r w -r 5 it & om^i r-*> z> o 

[HI 8] B 1 lC/TtSlKtt#^S«ttl2il*f 07 h> 

* [1, 2] <^4fc«ic*>5;*^y i?/ucoit^a}LiW£ 

[19] (a) *5J:V ( b ) ^ TMR^oyy hii 

{b*ixS*^*r*-r**B-e«><5. 
[Bio] ( a ) *5J: t/ (b> tt, TMR^^-coy y h 

[in] «^£Oioiiiir^s, t*5/ 

1g^o-#iJ£;^[3f&BT-&>-5 0 
[112] ^WOtt^lMS^ift-CfcS, f h«Uc>r 

[113] HI 1 ic^-f Mlj/^^t© [1, 2] cofe 

[114] Bl 3\Z7jk-t¥$&&&?<0**rV -t/Wmt 

Rmnm^ZTF-rmx', (a) te^^^^Mimzmmz 

(b) ttfcV h««c««E*rBf3eo|Sj*|c«£Ufc»^aft 
«>*««r»i-«SCB, (c) (b) oRttoBftJ&a 

40 [115] (a) - (g) tt, i2I^Lfc^tt^ 

[Bl 6 J 11 5(7) (a) ~ (g) (c^i-^SixS^J: 
[Bl 7] *ARo9t«tt*?li«1£CtMf?-<rA^ 

[118] 1 T 1 Ratttt^trMAi-dttftOitStt 
#^*«ttia«*^*r^-riiIKB'C*>S. 
SO [119] (a) (b) tt, Bl 8iC^-T5SlB£tt 
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